Introduction
Physiological studies of strongly photoperiodic species in lonig alnd short day have hitherto dealt predominiantly with the effect of day length upon development rather than uponl growth. In photoperiodic species which flower in only one of two contrasted day lengths, it becoiles difficult to compare or interpret data on growth due to simultaneous developmental differences of plants grown in unlike photoperiods. The use of so-called dayneutral species whose flowering response is relatively independent of day lenigth facilitates recognition of growth as opposed to developmental responses caused by the photoperiod. Though data are available on the photoperiodic responses of certain day-neutral forms such as the tomato, it nevertheless seemed worthwhile to undertake a study of growth responses of a species having a distinetly-different structural habit from those types studied heretofore.
Preliminary tests with Little Turkish Tobacco, a dwarf form of Nicotiana tabacun, revealed that vegetative growth and flowerinlg were both fairly uniform over a wide range of day length. It was found possible to maintain approximate developmental similarity and date of flowering of Little Turkish Tobacco in dav lengths as short as six and one-half hours on the one hand and as long as fourteen hours on the other. The ontogenic eele thus appeared to be comparable over wide photoperiodic ranges even though differences in photoperiod produced certain contrasts in general growth habit. In order to determine the structural and metabolic effects of differences in day lenigth, the developmental eyele of Little Turkish Tobacco was traced from the early vXegetative to the fruiting stage in long and short days respectively. Methods Seeds of Nicotiana tabacurn, variety Little Turkish, were planted in germination trays on August 6, 1941 . The seedlings were transplanted on September 14 into two-gallon glazed pots, each of which contained an equal weight of inert silica gravel (1-to '-inch size) which had been washed free of solutes. Single seedlings were transplanted to 40 pots when they were approximately one inch tall. The plants were divided into two groups of 20 pots each. The short-day group received normal daylight only between 9:30 A.M. and 4:00 P.M., namely a daily light period of 61 hours. The remainder of the time they were covered with completely light-proof black sateen. The long-day group received the full length of niormiial daylight plus additional electric illumination in the eveenings in order to extend the daily light period to 14 hours. For the artificial lighting; incandescent lamps provided a light intensity of approximately 200 foot-candles at the top of the plants, as determined by a photoelectric light meter.
The plants were grown on WITHROW'S (moderate light) nutrient solution (27) which contained traces of the minor elements iron, boron, zinc and manganese. Culture pots were completely drained on alternate days and a fresh nutrient solution added to maintain uniformity of supply. The exact volume of solution drained from each pot was recorded in order to determine the water consumption for each two-day period. Solution samples drained from each group of plants were preserved in Pyrex flasks and later used for determination of residual salts. Continuous records were kept of daily light conditions, temperature, and the relative humidity.
The plants were sampled for chemical analyses at four different phases of growth. The first samples were taken 24 days after the plants had been transplanted to the pots at which time the stems had commenced to elongate. The second sampling was made 44 days after transplanting at the time the plants exhibited their greatest vegetative growth. The third set of samples was taken 59 days after transplanting, about 4 days after the floral buds were first visible at the stem apex in both long-and short-day groups. The fourth sampling was taken 79 days after transplanting when inflorescences had fully developed and a number of young fruit capsules had already formed in both groups.
Each plant was separated into seven portions for analyses. The stem was divided into three approximately equal segments designated as upper, middle, and lower stem according to their original location on the intact plant. The leaves were separated from each of these stem segments and analyzed independently. For the fourth sampling, the inflorescence was severed from the rest of the plant and analyzed separately. The roots were carefully freed of gravel, rinsed in distilled water, and dried between sheets of absorbent paper. The root system was analyzed as a unit. The contour of the fresh leaves was carefully drawn and the leaf area determined later by measuring the outline with a planimeter. Fresh weights were recorded for each portion of the plant and tissues were then comminuted. Samples for sugar determinations were killed in boiling 80 (23) . Aliquots of the clarified extract were hydrolyzed with concentrated hydrochloric acid for the determination of soluble carbohydrates by the FOLIN-MALMROS method (3) and the results expressed as glucose. The residue from the alcoholic extraction was hydrolyzed by re--fluxing for three hours with dilute hydrochloric acid and further analyzed as polysaccharides (2) . Total nitrogen, including nitrates, was determined from the dried tissue. Digestion was carried out accordinig to the salicylic acid sodium thiosulphate method (9) , using metallic selenium as the catalyst (1) . Distillation was accordinig to PREGL'S method (16) . Soluble nlitrogen was extracted from the dried material and the total soluble niitrogen was determined by digesting with reduced iron powaer and sulphuric acid (9) and the distillation was performed the same as for total nitrogen. Ammonia from the distillation was received in N/14 HCl and the excess acid was then titrated with N/14 NaOH using methyl red as an indicator.
Data and discussion Both long-and short-day groups were healthy anid all plants in each respective set were uniform in appearance as well as in rate of development. persisted in a healthy, functional condition in both groups until the end of the experiment. There was no evideniee of virus, insect, or fungus infection at any time. A conspicuous difference in the appearance of the short-day from the long-day group of plants was observed during the vegetative growth. The leaves of the short-day group were lighter green in color until the fifty-second day, three days previous to the appearance of flower buds. Three days after the flower buds became visible (age 58 davs), there was no noticeable difference in the intensity of color in the leaves of the two groups.
MURNEEK (11, 13) , VIRTANEN (25) , and others (24) leaf surface during the various periods of growth (12, 13) . The long-day group had a greater total leaf area than the short-day group unitil the final sampling, at which time the leaf area in the short-day group exceeded that in the long-day group by 13 per cent. In general, the rate of growth of the planits in terms of dry weight gain iniereased in proportion to the total leaf area (table I) .
The effect of the day length was also reflected in differelnces between the root systems of the two groups (figs. 1, 2) . Root systems of the short-day group were smaller throughout the growth period, as showni by the top/root ratios calculated both on the fresh and dry weight basis. Short-day plants show a larger ratio except at the last sampling (table II) . The large top/root ratio for the short-day group, viewed in terms of carbohydrate content at the second sampling, suggests that the major portion of the photosvnthate had beeni utilized by the top and only a small and apparently inadequate fraction had reached the root. The smnaller top/root ratios for the third sampling indicated not only a better balance in distribution of assimilated materials between the top anid root of the short-day group, but also that these plants were approaching the long-day group in composition. At the time of the last sampling, the top/root ratios of the two groups were almost identical. Flower buds were visible in long-and short-day plants at 55 days and both sets later blossomed simultaneously. Short day length, however, exerts a quantitative effect upon reproduction through differentiation of smaller inflorescences with fewer flowers. At the time of the final sampling, an average of 125 flowers had formed on the short-day plants compared to 185 flowers formed on the long-day plants. Flowers and fruit capsules developed in short day length were noticeably smaller. Individual fruit capsules developed at the termination of the experiment had an average dry weight of 0.08 gram in the short day lengyth compared to 0.14 gram in the long day. Differences in capsule weight were due to a greater number rather than to larger size of seeds in long-day fruits.
Both tops and roots of the long-day group had a greater fresh weight for the first three periods. By the time of the last sampling, however, the fresh weight of the total leaves of the short-day group was 21 per cent. CQc)C) 6 C6 6 C 6 6 C6 C6 C C;C;C; The fresh weight per square centimeter of leaf area was highest in the lower leaves and least in the upper leaves for both groups of plants (table  IV) . The dry weight data substantiate the previous statement that-the long-day group assimilated more food than the short-day group. The dry weight gain of the shoots and roots was much slower in the short-day group during the first half of the experiment but comparable during the latter half though the short-day group had not yet surpassed the long-day group at final sampling. In terms of growth, the plant in the short-day group remained about 8 days behind the long-day group.
Since a record was kept of the water conisumption for each two-day period ( fig. 3) , it is possible to determine the water demand of the plants at different times of growth directly without reference to the fresh and dry weights. A sharp drop was noticed in the water consumptioni between November 6 and 12 in the elongation phase of both long-and short-day planits. In view of the continued uniformity of the environmenit, this drop in water colnsumption occurring consistently in all plants of both series reflects anl altered metabolism which is probably associated with a developmental change (28), the exact nature of which cannot be verified without inspection of histological samples. A later report on the histological development of the tissues is contemplated in order to determine the structural changes associated with major shifts in composition. Floral buds were first barely visible by unaided eye in long-and short-day plants between November 8 and 10. This fact suggests some correlation between inception of the reproductive structures and the marked shift in water demand of the plants at that time (14). During their entire development the total water consumption of the long-day group of plants was only 2200 cc. more than that of the short-day group.
The sharp drop in the water intake during the flower bud stage was much greater in the short-day group. Up to this date the actual water requirement per gram dry weight increment of plants in this group was inearly 50 per cent. greater thani for long-day plants. At all phases of growth the water requirement per gram dry weight gaini for the short-day group of plants was higher than for the long-day group. The water requiremenit of long-day planits at the flower bud stage was the lowest figure in the enitire water record.
Except for the stem in the early stage of growth, the short-day plants have a higher percentage water content than the long-day group at all stages and for all portions. Despite the shorter stem length, the water gradient betweeni the upper and lower leaves is greater in the short-day group except at the time of the first samplinig (table III) . Prior to flowering all parts of the planits in both groups are comparatively low in percentage dry weight (table IV) . Reduction in water contenit is most marked in stems in the final phase. The general trend toward tissue dehydration which is coincident with maximal water absorption of both long-and short-day plants in the flowering phase indicates the plants' inability to balance water intake against outgo at this. stage even under conditions of constanit moisture supply.
The long-day group of plants formed considerably more total hydrolyzable carbohydrate than the short-day group (tables V and VI). The carbohydrate data suggest that there is difficulty in distribution of these materials in the short-day group. At the time of the last sampling, the leaves of the short-day group contain a much larger amount of carbohy-drate than the leaves of the long-day group, but the stems of the long-day group contain more carbohydrate than the stems of the short-day group. Apparently the long-day group had shifted a large portion of reserve carbohydrates from the leaves to the stem by the time of full anthesis.
The distribution of the carbohydrates at each sampling shows noticeable differences between the two groups in the location of the major fractions of these components (table VII) . Long-day tops show progressive loss of In the short-day group, on the other hand, the loss of foliar carbohydrates is much less marked, showing in fact some accumulation rather than depletion in basal leaves at the time of final analysis. There is, consequently, a smaller fraction of the total carbohydrates in the stems, especially at the flowering stage. Short-day roots contain a smaller fraction of the total amount of carbohydrates in the plants than found in the long-day roots and the root fraction of carbohydrates apparently reaches a critically low level in the flower bud stage. The root carbohydrates at this stage may be low enough to be the limiting factor in root growth. HOAGLAND, STEWARD, BROYER and others (4, 8, 15, 19, 20, 21, 22) have shown that salt absorption tends to be impaired by low root respiration resulting from insufficiency of available carbohydrates. The long-day infloreseences despite their large size contain a somewhat smaller proportion of the plant's total carbohydrate content than do the short-day inflorescences. The entire carbohydrate picture in the short-day group is one of relative carbohydrate immobility compared with plants in long day lengths.
There is a marked shift in the ratio of soluble to insoluble carbohydrate between the third (age 59 days) and fourth (age 79 days) samplings in the two series. With increasing age the tops of the long-day group show a general drop in the percentage of soluble carbohydrates while the short-day group shows a general increase (table VI). The low point for soluble carbohydrate in the roots of both groups occurs at the flower bud stage. During blooming there is a sharp rise in the soluble carbohydrate content of all portions of the plants, the rise being greatest in the case of the short-day roots.
The actual amount of total nitrogen is greater at all stages in the longday group of plants, but the short-day group has a higher protein pereentage on the dry weight basis (table V). In the last stage of growth, the infloreseences tend to accumulate nitrogen at the expenise of the foliage in both the long-and short-day groups, despite a simultaneous increase in the root fraction in this late phase (table VII). The nitrogen fraction of both the long-and short-day roots is lowest during the phases of rapid elongation. Leaves of the short-day group possess a greater fraction of the total nitrogen content during the last two stages of growth than do the leaves of the longday group, suggesting that the movement of nitrogen from the shoot to the inflorescence is much slower in short day. The greater concentration of nitrogen per unit dry weight in short day is associated with a high degree of succulence of entire plants (13) . Total nitrogen per unit leaf area rises progressively with age in both series, but the advance is more rapid in the long-day group.
The tops of the long-day group contain a greater fraction of total ash for each period than those of the short-day group (table IV). The total ash content of roots tended to rise more rapidly in the long-day group. At the time of the last sampling, however, the short-day roots were higher in total ash content than the long-day roots. The dry weight per unit of ash rises with age in both groups, but much faster in the long-day group (table VII) . This rise is especially large in the long-day group between the flower bud and early fruiting stage. The greatest weight of ash per centimeter of leaf area is found in the lower leaves in both groups (table III) . At all levels the long-day leaves contain a greater ash weight per unit leaf area than the short-day leaves. At the time of blooming and early fruiting there is apparently a migration of ash from the lower leaves to the upper leaves in the long-day group, but there is no indication at that time of a similar migration of the ash in the short-day plants.
Conclusions
There was a distinct difference in the vegetative vigor of the long-and short-day plants of Little Turkish tobacco. Short day length somewhat prolonged the vegetative phase. The increase in growth is primarily correlated with rate of increment in foliar area. Short day length favors formation of more leaves but the average area per leaf is smaller and the internodes are shorter. The aggregate leaf area of the short-day plants ultimately surpasses that of the long-dav plants. This response, coupled with a longer vegetative period of growth, suggests an eventually greater vegetative yield of the short-day plants at maturation. WEAVER and HIMMEL (26) , working with a number of photoperiodic plants found that under short-day illumination the growth of both tops and roots was greatly retarded, approximately to the same degree in both longand short-day species. In the present experiment with tobacco simiiilar results were obtained, except that the development of the roots was retarded to a greater degree than the tops by short day during the rosette and elongation stages. As soon as a certain structural balance between the tops and roots of the plant was attained in the short-day illumination, rapid growth of plants occurred. Had all plants been grown to maturity, the vigor of short-day plants at the last sampling indicated that the final yield of shortday plants might have exceeded that of long-day plants.
The accumulation of carbohydrates in the plants evidently was in a large measure a function of the amount of light received (6) . Carbohydrates synthesized in the short-day group of plants tended to accumulate in the leaves, showing the relative inability of the short-day plants to translocate carbohydrates. GRAINGER (7) observed a comparable response in Chrysanthemum under short-day conditions.
During growth, shifts in water balance are associated with distinct changes in structure and qualitative shifts inl metabolism. SMIRNOV (18) found that during the blooming period of tobacco the water intake and respiratory energy fell temporarily but increased again after anthesis. Water absorption in the present study parallels that noted by SMIRNOV in showing a drop at the beginning of flowering ( fig. 3 ). The data in the present paper, however, do not coincide with those of SANDE-BAKHUYZEN (17) on wheat grown in continuous day which show a sudden rise in the transpiration rate at the time of flowering. There is a slight rise in the rate of water intake at the time of the rapid elongation of the tobacco stem, but a marked temporary drop in the rate of absorption occurs thereafter. There is a sharp acceleration in the rate of water demand of Little Turkish tobacco both in long and short day during the late flowering and early fruiting stage.
Summary
The Little Turkish variety of tobacco grown in 61-and 14-hour day length, respectively, with constant salt and water supply in gravel culture show that:
1. Stem elongation in the short-day group of plants is retarded in all phases of growth.
2. Internodes are shorter and average area per leaf is smaller in short day, but the number of leaves is greater.
3. Leaf surface area increases at a greater rate in the long-day group of plants until the time of flowering. During flowering, the aggregate foliar surface increases more rapidly in short-day anld finally surpasses the total leaf surface of long-day plants. 4 . The rate of root growth is greatly retarded in the short-day plants during the stage of rapid stem elongation. 5 . The long-day group of plants produce a greater total dry weight yield. Plants of the short-day group remiain about eight days behind the long-day group in growth. 6. Total water consumiiption is similar in the two groups. Because of the smaller size of short-day plants, the amount of water consumed per gram of dry weight of tissue produced (water requiremenit) is much greater.
7. Water conisumption per unit leaf area rises sharply during the blossoming and early fruitinlg phases in both lonlg and short day, but the rise is about twice as great in the long-day group.
8. Carbohydrates of the short-dav group are relatively immobile, tending to accumulate in the leaves.
9. Nitrogen tends to accumulate in stemiis of both groups at the expense of the leaves in later stages of development.
10. There is a progressive increase in total ash conitent with age in both lon(g-and short-day groups, but during the finial phase of growth short-day plants inierease their ash at a greater rate.
11. Infloreseences in long-day are more thani twice as large and the size and the number of flowers is greater than in the short-day planits.
12. Formatively, short-day leads to production of miore but smaller vegetative elements (leaves and initernodes), poorer root orowth, and fewer reproductive elemenlts (flowers and fruits). 
